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Abstract: Although, transportation disadvantage or imbalance between travel needs and supply of 
transportation system is a great harm to knowledge based environments, quantification and 
objectively measuring the state of transportation disadvantaged remain to be a great challenge for 
researcher due to its ambiguity. This poses questions of whether the current indicators are accurately 
linked with transportation disadvantages and the effectiveness of the current policies. Using current 
indicators of transportation disadvantages, the state of transportation disadvantage is often 
exaggerated due to limited afford has been put forward to provide clear assessment on the existed 
relationship between transportation disadvantage indicators with travel performance or capability. 
This paper proposes a structural equation model of transportation disadvantage using household 
variables gained from the 2006-2008 South-East Queensland Travel Survey (SEQTS). The underlying 
relationships between social economics and demographic characteristics of household with travel 
performance are modelled using a latent variable approach. The final model has been able to fit the 
data gathered from SEQTS and explained established links between key household factors with travel 
capability and determined key indicator of travel capability. The model recognises that travel capability 
is directly influenced by household factors; vehicle ratio, license possession, retirees and pensioners. 
 
Keywords: Transport disadvantage; capability approach; accessibility; measuring transportation 
disadvantage; structural equation modelling; multiple indicator multiple causes 
 
Introduction 
Knowledge cities are incubators of knowledge and culture, forming a rich and dynamic blend of 
theory and practice within their boundaries. The knowledge-based urban development (KBUD) 
promises a secure economy in a human setting (Yigitcanlar et. al, 2008), oscillating between economic 
and environmental and social in every aspect of city environment. Knowledge society and workers are 
the eminent elements of knowledge cities, therefore engaging physical environment that enriched 
community development through cultures and arts, are added values that bonded knowledge society 
and workers to remain in the knowledge cities. Inclusion in the knowledge based urban environment 
may be depicted as the ability to performance essential travel at ease. This means travels to various 
destinations are at a convenient time and distance, furthermore supplied with interconnected and 
abundance of available public transport at high frequency.  
 
Transportation disadvantage or imbalance between travel needs and supply of transportation system 
is a harm that may jeopardise the ultimate aim of knowledge cities to deliver a better quality of life for 
the knowledge society. The desperation of transportation system supply have resulted social 
exclusion, job losses and deleterious effect on health levels (Lucas, 2004). These arguments authorise 
significant grounds to not only investigate the state of transportation disadvantage but also identify 
relevant indicators to better improve transportation system in the knowledge based environments.  
 
Urban transportation disadvantage is essentially an accessibility problem, which emerges due to the 
conflict between transportation planning and the social domain. Urban transportation disadvantage 
is also literally a function of mobility that affects the individual’s capability to travel (Denmark, 1998). 
Various measures are used to measure urban transportation disadvantage. These measures range 
from mobility/travel variables to accessibility and equity measures. Poverty is subsumed within mobility 
measures to indicate low income households of the traditional urban transportation disadvantaged. 
From these approaches, significant indicators of those who are transportation disadvantaged have 
been identified. Social-economic indicators; such as the elderly, low income earners, school children, 
women, and immigrant; (Murray & Davis, 2001; Litman, 2003; Rostami, 2005; Dodson et al., 2006; 
Duvarci & Yigitcanlar, 2007); public transport indicators; such as frequency, travel costs, access to stops 
(Murray et al, 1998; Currie & Senbergs, 2007 and spatial indicators ; such as density, mixed land uses 
and pedestrian paths (Denmark, 1998; Ewing & Cervero, 2001; Cervero & Duncan;2003, Cervero & 
Kockleman, 1997; Currie, 2009), are used regularly to formed an index of transportation 
disadvantaged. Although each approach and the aforementioned indicators are exceptionally 
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important to reflect transportation disadvantage, to quantify and objectively measure the state of 
transportation disadvantaged remains to be a great challenge for researchers. In addition, the multi 
indicator approach has a great tendency to double count for transportation disadvantage and 
increases the number of transport disadvantage (TDA) population (Currie, 2009). Among the 
contributing factors is limited afford has been put forward to provide clear assessment on the causal 
structure existed between transportation disadvantage indicators with travel performance or 
capability. Investigating the causal relationships not only provides clearer insight of the underlying 
factors, but also delivers a more cautious indicator selection process.  
 
A latent based approach is proposed to first capture all possible transportation disadvantaged 
indicators and secondly evaluates underlined relationship that influence travel performance or 
capability. In addition, the latent approach strategy, the Multiple Indicators Multiple Causes (MIMIC) 
approach is used to conceptualise the state of transportation disadvantage using various travel 
performance or capability indicators. In this attempt, transportation disadvantage is model using only 
social economic indicators identified in a household. Relevant indicators corresponding to household 
social economic and demographic dimensions from the household travel survey (HTS) 2006/08 are 
compared to travel performance or capability indicator. This practice provides validated procedures 
and more structured processes in the selection of relevant transportation disadvantage indicators. 
 
Method  
Description of data, research strategies and model specifications: The 2006-2008 South-East 
Queensland Travel Survey (SEQTS) through the Queensland Transport and Main Road Department 
(QTMR) contributes the variables for this study and they are considered to be a comprehensive 
database. For this research, only areas within inner and outer Brisbane areas are considered and this 
involved a total of 759 households comprises of 4,536 trips from 1,933 individuals. 
 
The aim of this paper is to model the underlying relationship between social economics and 
demographic characteristics of household with travel performance using a latent variable approach, 
The Multiple Indicators Multiple Causes (MIMIC). Using this structure, three relationships (i) between 
latent variables (ii) latent variable with observed variables and (iii) between observed variables are 
analysed. The Table 1 below explains all observes variable linked to five latent exogenous 
(independent) factors; mobility, employment, immobile, elderly and carer roles, to predict endogenous 
(dependent) travel performance or capability, measured by distance and time travelled and trip rates 
of a household. Using this structure, observable endogenous variables are not only manifestation of a 
latent concept but also influenced by other exogenous (independent) variables or factors 
(Krisnakumar & Nagar, 2008).  
 
Table 1: Factors and descriptions of observed variables 
Factors Observed variables  Description  
Employment  Working member  
 
Percentage of household with either with 
fulltime, part-time, casual or any type of 
employment status 
Income  Weekly income of a household 
Immobility  Age 5- 9 years Percentage of member aged 5-9 years 
Infant and child care Percentage not yet school and child care as 
main activity 
Mobility  Vehicle to household Ratio of total vehicle owned by the 
household member to number of household 
member  
Licence ownership Percentage of household member with 
driving licence or motorcycle licence 
Elderly  Aged over 60 
 
Percentage of member aged over 60 years  
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Retiree and pensioner Percentage of three groups formed this 
category, self-funded retiree, age pensioners 
and other type pensioner.  
House carer Keeping house Percentage of keeping house as main activity  
 
Results 
The data set was screened in the initial stage of analysis, with the presence of missing values and 
outliners are carefully monitored. The descriptive statistics in Table 2 below show mean and standard 
deviation of all 684 samples. In the present of outliners, deletion or mean interpretation was used to 
treat the data.  
 
Table 2: Descriptive findings 
 
 
Mean Std. Deviation Valid Missing 
Working member 543 141 71.51 31.40 
Income (weekly) 684 0 3.04 0.33 
Aged 5-9 years 85 599 43.56 18.41 
Infant and child care 61 623 33.44 10.10 
Ratio vehicle to household size 640 44 0.80 0.39 
Licence ownership  659 25 90.32 36.89 
Aged over 60 year 191 493 79.52 28.47 
Retiree and pensioner 154 530 78.94 29.47 
House keeping  73 611 35.06 19.50 
 
The PASW 18 program was used to identify correlation between travel performance variables. 
Spearman's rho correlation method was used since the data exploration statistics show significant 
violation of normality. The findings indicate that distance and time travelled are positively correlated, 
but not with the trip rate. This pattern signals that an increase of distance or time will result in the 
decrease of household trip rate. In this sense, longer travel distance and time significantly reduce 
travel capability. Since distance and time travelled are highly correlated, either variable could 
represent the others as a proxy variable.  
 
Table 3: Correlation analysis of distance, time and trip rate using Spearman’s rho 
 Distance  Time  Trip rate 
Distance  
Correlation Coefficient 
1.000 .702** -.111** 
Sig. (2-tailed) . .000 .004 
Time  
Correlation Coefficient 
.702** 1.000 -.247** 
Sig. (2-tailed) .000 . .000 
Trip rate 
Correlation Coefficient 
-.111** -.247** 1.000 
Sig. (2-tailed) .004 .000 . 
** Correlation is significant at the 0.01 level (2-tailed) 
 
Structural equation modelling results of the hypothesised model  
Prior to the analysis in the structural equation modeling (SEM), correlation, factor and regression 
analysis were conducted individually to all observed variables. This is to identify possible correlation 
between variables; to identify factors existed among all observed variables and regression between 
factors and dependent variables. This exercise has significantly reduced time consumed to predict 
path direction and predict relationship between factors. Based on the findings, only 13 measured 
variables were used to develop the hypothesised model. The structure equation modelling is executed 
using bootstrapping estimation method in AMOS 18. The MIMIC structured latent variables and its 
corresponded observed variables are arranged into a cause and effect configuration. The 
hypothesised model was presented by five latent exogenous variables: (i) wealth; (ii) dependency; (iii) 
mobility; (iv) ageing, and; (v) carer that relate to an endogenous variable, travel performance 
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measured by (i) trip rates; (ii) distance travelled, and; (iii) time travelled formed the endogenous latent 
named travel capability. Figure 2 shows the hypothesised model.  
 
Test of normality was performed prior to the analysis as the SEM estimation is conditioned to 
multivariate data normality. The test is undertaken to determine two indices of normality, critical ratio 
and kurtosis. Non-normality data is ranged with values of critical ratio that exceed +2.00 or that are 
smaller than -2.00, and kurtosis value more than 1 (Stine, 1989). The analysis identified that most 
observed variables are significantly departed from acceptable value of normality for both test.  
 
Table 4: Result of the normality test on the modified model 
Variable skew c.r. kurtosis c.r. 
Travel time 1.549 16.544 3.265 17.430 
Trip rate 1.362 14.543 2.619 13.980 
Working member .145 1.548 -.535 -2.857 
Income (weekly) -.813 -8.676 .390 2.083 
Aged 5 to 9 years 3.199 34.157 10.519 56.155 
Infant and child care 3.420 36.518 10.803 57.675 
Vehicle to HH size .917 9.794 2.811 15.004 
Licence ownership .618 6.596 2.153 11.493 
Age over 60 year 1.366 14.583 .125 .666 
Retiree or pensioner 1.788 19.087 1.834 9.792 
     
Multivariate   49.674 41.930 
 
The data indicate that a non-multivariate normal distribution was corrected using Bollen-stine 
bootstrapping application in AMOS 18. Bootstrap reflects the notion that the original sample raises 
newly generated sample (Byrne, 2001). A collection of sample derived from re-sampling was designed 
to estimate standards errors, confident intervals and other statistics properties (Stine 1989). In this 
sense, the original data provide pattern of the parameters, make statistical inferential, subsequently 
the SEM estimates standard errors and confident intervals to the generated samples (Stine 1989 and 
Myre, 2001). This gives benefits of stabilised parameter estimations and a greater degree of accuracy 
to interpret findings. The post diagnosis of bootstrap informs 17 samples or less than 2.5 percentages 
of the total data were discarded due to unavailable solutions. This amount is permissible as this value 
is significantly low with the acceptable value of 5 per cent data loss.  
 
Since the model is an exploratory model, modification on the elements consisted in the model 
especially path direction and covariance are permissible to attain model-fit (Cervero & Murakami, 
2010). Modifications on the initial model include adding or eliminating variables and paths and 
changing the path direction. Any modifications made on path direction or on the overall model 
structure were cautiously conducted based on theories and indication provided by Modification 
Indices (MI). This process was repeated until the model attained an acceptable model fit values.  
 
The initial model was executed in AMOS, however, the analysis was failed to commence and no 
model fit indices was recorded. First modification was conducted to the initial model. A latent 
exogenous variable F_carer and distance travelled were deleted. Since correlation between time and 
distance are high, deletion of distance would not cause interpretation complexity as distance is proxy 
of time. Covariance arrows are drawn between all remaining exogenous latent variables except from 
F_Mobility to F_Ageing. In the second modification, a path was drawn from F_Dependent to 
observed variable, income and aged over 60. However, the result of parameter estimates for 
F_dependent > aged over 60 was negative and theoretically not significant. The modifications also 
produce a not significant p value for F_wealth > T_Capability with value greater than acceptable value 
of 0.05. Later, modification was made to the model by path form F_dependent > aged over 60 and 
F_wealth > T_Capability were dropped.  
 
The final model was well performed with all path produced coefficients and covariances have 
significant p values. Observation was made to various fit indices to further determine the model fit. 
The model χ² and df value was fairly distant with 71.2 and 26 respectively. However, the model CFI 
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was read 0.976, GFI with value was 0.98, NFI was 0.92 and RMSEA values were 0.05. All of the indices 
indicated that the final model was satisfied the minimum criteria of > 0.90 for the first three indices, 
and < 0.05 for the latter.  
 
Table 5: Results of path coefficient of the modified model 
   
Standardized 
Coefficient P 
Travel Capability <--- F_Dependent .913 .016 
Travel Capability <--- F_Mobile .528 .007 
Travel Capability <--- F_Ageing .732 .010 
Travel Capability <--- F_Wealth .327 .134 
Trip per Household  <--- Travel Capability .402  
Time Travelled  <--- Travel Capability -.645 *** 
Working member <--- F_Wealth .945  
Income (weekly) <--- F_Wealth .515 *** 
Aged 5-9 years <--- F_Dependent .581  
Infant and child care <--- F_Dependent .276 *** 
Ratio vehicle to HHSize <--- F_Mobile .787 *** 
License ownership  <--- F_Mobile .822  
Income (weekly) <--- F_Dependent .275 *** 
Retiree and pensioner <--- F_Ageing .960 *** 
Aged over 60 year <--- F_Ageing   
Aged over 60 year <--- F_Dependent .778 *** 
 
The modifications of the model have improved the model fit indices significantly. Initially, the 
hypothesis model was unable to give fit indices as the analysis was unable to perform by AMOS. 
Throughout the modification process, model 2 performed better in χ² and df values, however, detail 
examination on the path directions shown misleading influence existed and violated the embedded 
theory. The model was modified to yield the final model that has a larger χ² and df values.  
 
Table 6: Results of model fit indices of the modification 
Model χ² df χ²/df GFI CFI RMSEA 
Hypothesised model  - - - - - - 
Modified model – 1 96.305 26 3.704 0.973 0.962 0.63 
Modified model -2  52.861 24 2.203 0.985 0.984 0.42 
Modified model -3  71.165 26 2.737 0.98 0.976 0.50 
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Figure 1: Standardised path coefficient and R² value of the final model 
 
Discussion 
The final model was able to fit the social economic and demographic characteristics with travel 
capability into a structured relationship. Besides, discussion of the findings will be based on 
standardised path coefficient, for an easier comparison between variables. All observed variables 
show significant and positive values for all path coefficients except for infant and child care and 
income, which have moderate effects to measure F_Dependent. 
 
The model shows significant evident that travel capability is directly influenced by three household 
factors, which are dependent, mobility and ageing but are indirectly influenced by wealth. Dependent 
factor had the largest magnitude while least influenced by ageing factor. The magnitude differences 
between factors are significantly low and this has suggested that all factors have a relatively same 
magnitude towards travel capability.  
 
The covariance and correlation coefficient values signal the existent of significant correlation among 
factors. Wealth factor has a positive relationship with Mobile but highly uncorrelated with Ageing and 
Dependent. These relationships suggest that Wealth indirectly influences the Travel Capability 
through Mobile. However, both Wealth and Mobile are negatively correlated with Ageing and 
Dependent. This model also signifies negative association between Ageing and Dependent thus both 
factors are uncorrelated. The overall pattern suggests that Ageing and Dependent independently 
influence travel capability while Mobile is highly dependent on Wealth, which subsequently 
determines travel capability.  
 
As mentioned earlier, each measured variable has significantly estimated its corresponding latent 
variable. These results provide statistical validation to explain travel capability based on each variable 
performance. Wealth is better estimated by working member, instead of income variable that has a 
lower R² value. All variables that measure Dependent are performed poorly except at the age of 5-9 
that has significant value for path coefficient but possess low R² value. For both variables that measure 
 334 
Mobility, ratio vehicle to household sizes, license possessions and Ageing retirees and pensioners were 
significant with high path coefficient and R² values. In this sense, vehicle ratio, license possession, 
aged over 60 and retirees and pensioners have shown significant magnitudes to influence household 
travel capability.  
 
However, application of these indices to the explained level of travel capability should be conducted 
cautiously, as the results from SEM analysis has to consider various limitations involved in this facet. 
The foremost limitations are the geographical and time series of the data. Additionally, the contextual 
environments are developed by considering the social values and social demographic characteristics 
of the population in Brisbane, Australia. Therefore, to generalise this research and the findings will 
only fit into areas that have similar social demographic characteristics and social values as in Brisbane, 
Australia. 
 
The method is estimated of using bootstrapping estimation process as data sets were identified to 
violate the multivariate normal distribution. In this event misleading conclusion may be perceived and 
statistical caveats should be treated vigilantly. To mediate this circumstance this model was developed 
based on moderately large sample of 759 households (Ichikawa & Konishi in Byrne, 2001) and was 
derived from a well-represented sample (SEQTS 2006-2008).  
 
Most of the observed data sets fit the model in a structured manner; provide clear association 
between exogenous and endogenous factors. Visualisation of transportation disadvantage using 
index method, which is based on the identified indicators, is the way forward to develop these 
research findings. Application of the framework in the knowledge based environments particularly to 
assess its prescient is permissible due to the framework ability to consider all types of travel behaviors.  
 
The structured model and indicators selection process could be better improved in two ways. Since 
the travel behaviors of the knowledge workers are unique, the conception of travel performance or 
capability for knowledge works need to be firstly defined prior to the modeling process. Secondly, 
significant travel behaviors indicators that reflect the definition are then identified and used to form 
the travel capability as the latent concept in the model. Undertaken such exercise will clearly relate 
travel performance in the knowledge based environments with exogenous factors and provide a clear 
definition of transportation disadvantaged from the knowledge based environment perspective.  
 
These findings will make a significant contribution to measuring and determining transportation 
disadvantage; thus, it will assist the policy makers to make important decisions and choices with 
regards to the provision of public transportation systems in the development of knowledge based 
environments.  
 
Conclusion  
A lack of affordable and accessible transports can cause individuals or certain groups to be socially 
excluded, limited from having quality of life, subsequently transportation disadvantaged. The state of 
transportation disadvantage is capable to deprive the ultimate aim of knowledge cities to deliver a 
better quality of life for the knowledge society. It appears that there is a close relationship between 
embedded circumstances within household characteristics. Since the data shows a non-multivariate 
normal distribution, it was corrected using Bollen-stine bootstrapping application in AMOS 18. The 
initial model was modified to include adding or eliminating variables and paths or changing the path 
direction. Meanwhile, the final model produces significant values of fit indices and all path coefficient 
and covariance to produce significant p values. Besides, the model modifications had improved model 
fit indices, significantly. The final model is able to fit the data gathered from SEQTS 2006-2008 and 
explains established links between key household factors with travel performance or capability. The 
model recognises that travel capability is directly influenced by three household factors; Dependent, 
Mobility and Ageing and indirectly influences by Wealth. Based on each measured variable 
performance, vehicle ratio, license possession, retirees and pensioners have significant magnitude to 
influence household travel performance or capability. Various limitations are imposed in order to 
apply this research results and findings. Determine the desirable state of travel performance or 
capability in the knowledge based environments and finding corresponding indicators will definitely 
improved the structured model.  
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